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(57) ABSTRACT 

A polarization scrambler and a polarization mode dispersion 
(PMD) compensation system compensate for PMD on an 
active optic fiber. The polarization scrambler scrambles a 
state of polarization of an optical signal that carries user 
information. The PMD compensation system then receives 
the optical signal over the active optic fiber. The PMD 
compensation system measuring a differential group delay 
and principal states of polarization of the PMD in the active 
optic fiber. The PMD compensation system then determines 
a modification of the optical signal based on the differential 
group delay and the principal states of polarization of the 
PMD. The PMD compensation system modifies the optical 
signal in the active optic fiber to compensate for PMD based 
on the determination of the modification. The PMD com- 
pensation system then transmits the optical signal. By mea- 
suring the differential group delay and the principal states of 
polarization, the PMD compensation system adapts to 
changes in the PMD in the active optic fiber. 

21 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS TO differential group delay of the long fiber to minimize the 

COMPENSATE FOR POLARIZATION MODE PMD effects. A disadvantage is this system only works for 

DISPERSION a fi xeQl vawe °f differential group delay. When differential 

group delay varies, the system does not fully compensate for 

RELATED APPLICATIONS 5 the PMD effects. 

^. . ^tt^ . v Another system monitors the effect of PMD on an input 

Tins application ^a continuation of U.S. P* 1 ^ a PP|\ ca ~ optical signal. The power level of a non-return-to-zero 

3 S N ? A ° 9/50 ^ 092 ' FC \ 8 V 2 °p i (NRZ) optical signal4pectral component corresponding to 

Method and Apparatus to ^mper^ate for PolanzaUon (he rale ^ dicates me PMD m a fiber ^ 

Mode Dispersion, now U.S^ Pat No. 6,459,830 Bl, which M m Qne ex tQ monitor ^ pMD oq a 1Q Gb/g ^ 

is hereby incorporated by reference. opi ^ sy ^ m ^ pQwer of ^ gpM 

FEDERALLY SPONSORED RESEARCH OR component at 5 GHz. This system comprises a narrowband 

DEVELOPMENT ^ ter ccntcrcc ^ at 5 GHz followed by a square-law detector 

and a lowpass filter. 

Not applicable 15 One problem is that none of the prior systems track 

changes in the differential group delay, which is a compo- 
MICROF1CHE APPENDIX nent of PMD . Another problem is the degraded ability to 

Not applicable monitor for DGD and PSPs when the input state of polar- 

ization of the input signal is nearly aligned with one of the 
BACKGROUND OF THE INVENTION 20 PSPs. A system is needed that can compensate for PMD 

which accounts for changes in the PMD and the problems 

1. Field of the Invention whcn me input state of polarization of the input signal is 
The invention is related to the field of communication nearly aligned with one of the PSPs. 

systems and in pabular, to a system that compensates for SUMMARY OF THE INVENTION 

polarization mode dispersion in an optic fiber. 25 

2. Description of the Prior Art ^ invention solves the above problems by compensat- 
T „, ^ , . . . ingforPMD. A polarization scrambler scrambles a state of 
In fiber optic communication systems^ fiber that carries 6 lari2ation of £ ^ & ^ ^ carries user MonD!L _ 

opUcal signals .contains symmetries. These asymmetries {ion. A PMD compensation system then receives the optical 
result m the optical properties of the fiber not being the same , \. k tl mm *- 

. , j. „• f ?l 2u ■ u- * u *u 30 signal over an active optic fiber. The PMD compensation 

m all directions. TTius, the fiber is birefrmgent, where the ... j-« *• i j i j • • 

, ^ . , " 'TT . . c B , ' . ™ - system then measures a differential group delay and pnnci- 

matenal displays two different indices of refraction. Tins * rf of ^ polarization mode dispersion 

fpMD? gCnCe CaUSCS P dispersion mmeactive ^ pticfibenThePMDcompensationsystemthen 
^ determines a modification of the optical signal based on the 
PMD is measured like a vector quantity, where a differ- 35 ^^3! delay m6 the principal states of polariza- 
cntial group delay is the magnitude of the vector and the ^ of ^ poi^^tion modc dispersion. The PMD corn- 
principal state of polarization (PSP) are the direction. There pea sation system modifies the optical signal in the active 
are two PSPs associated with PMD. The two PSPs propagate Qptic fiber to compensate for PMD based on tne determi- 
at slightly different velocities with the distribution of signal natiQD of me modincation . The PMD compensation system 
power varying with time. PMD is a time varying stochastic 4Q ^ the signal. 

effect. PMD varies in time with ambient ^temperature, fiber ^ yuhma embodiments of th e mvention , the PMD corn- 
movement, and mechanical stress on the fibers. Compensat- tion tem measures the differential group delay and 
mg for PMD can be occult because of the time varying ^ ^ of polarization of the PMD in ^ active 
nature and randomness of PMD. optic fibef by estimating th e differential group delay and the 
Prior systems that involve taking the fiber out of operation 45 prmc i pa l states of polarization of the PMD in the active optic 
to compensate for PMD are expensive. There have been few fiber ^ pMD compensa tion system modifies the optical 
systems that have attempted to compensate for PMD on signa] by changing the polarization state of the optical 
active fibers. A fiber is active when the fiber is operational signal ^ pMD compensation system modifies the optical 
to exchange user information. One prior system uses a signal by changing the differential group delay of the PMD 
polarization controller at the transmitter. The polarization 50 m me active optic fiber. 

controller aligns the input state of polarization of the input Advantageously, the invention adapts to the time varying 

optical signal to the PSP of the fiber to reduce the signal natUfe rf ^ pMD m ^ acdvc Qptic fibcr by mcasuring the 

distortion. One disadvantage of this system is the require- &ouv delay a[ld the principa i sta tes of polariza- 

ment of timely knowledge of the PSPS which is Difficult at ^ ^ me invcnUon fc applied to ac tive optic fibers so 

best. Another disadvantage is the PSP of the fibers are 55 ^ ^ . communi cation system does not have to be 

different for each receiver. When optical add/drops are takefl Qu{ of operation to compensate for PMD. The inven- 

involved, this system is ineffective. {iou advanta g eous i y scrambles a state of polarization of the 

Another system uses a polarization controller prior to the optical signal to greatly improve the measurement of the 

receiver. The polarization controller aligns the polarization differential group delay and the principal states of polariza- 

of one of the PSPs with a polarization filter. The polarization go ti on 

controller also receives control signals from a feedback _ rt „ ™ t „„* T ^^ 

arrangement. This system processes one of the PSPs which BRIEF DESCRIPTION OF THE DRAWINGS 

is essentially free from the PMD effects. FIG. 1 is a system level block diagram of an example of 

Another system uses a polarization controller and a length the invention, 

of polarization-maintaining fiber prior to the receiver. The 65 FIG. 2 is a flow chart of the operation of a polarization 

length of the polarization-maintaining fiber is selected so a scrambler and a PMD compensation system in an example 

fixed value of differential group delay is equal to the average of the invention. 
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FIG. 3 is a system level diagram of a fiber optic commu- FIG. 3 depicts a system level diagram of a fiber optic 

nication system with a PMD compensation system including communication system 300 with a PMD compensation 

a feedback arrangement in an example of the invention. system 360 including a feedback arrangement in an example 

FIG. 4 is a flow chart of an operation of a compensation of the invention. In FIG. 3, the PMD compensation system 

algorithm system in an example of the invention, 5 360 comprises a splitter 308, a first polarization controller 

A particular reference number refers to the same element 310 > a PMD emulator 312, a photodetector 320, a RF signal 

in all of the other figures. processor 322, a compensation algorithm system 330, a link 

332, a link 334, a link 336, a link 338, a second polarization 

DETAILED DESCRIPTION OF THE controller 340, and a PMD emulator 342. A transmitter 302 

INVENTION ^ ^ connected to a polarization scrambler 304. The polariza- 

FIG. 1 depicts a system level block diagram of a fiber tion scrambler 304 is connected to the splitter 308 via an 

optic communication system 100 in an example of the active optic fiber 306. The splitter 308 is connected to the 

invention. In FIG. 1, a transmitter 102 is connected to a first polarization controller 310 and the second polarization 

polarization scrambler 104. The polarization scrambler 104 controller 340. 

is connected to a PMD compensation system 108 via an 15 The first polarization controller 310 is connected to the 

active optic fiber 106. The PMD compensation system 108 PMD emulator 312. The PMD emulator 312 comprises a 

is connected to a receiver 110. splitter 314, a link 316, and a delay component 318. The first 

The transmitter 102 could be any device configured to polarization controller 310 is connected to the splitter 314. 

transmit optical signals. The transmitter 102 typically modu- The splitter 314 is coupled to the photodetector 320 via the 

lates the optical signals to carry user information. The ^ link 316 and is coupled to the photodetector 320 via the 

receiver 110 could be any device configured to receive delay component 318. The photodetector 320 is connected to 

optical signals. The receiver 102 typically derives data from the RF signal processor 322. Hie RF signal processor 322 

the optical signals. comprises a lowpass filter 324, a square law detector 326, 

The polarization scrambler 104 is any device or group of and a bandpass filter 328. The photodetector 320 is con- 
devices configured to scramble the state of polarization of 25 nected t0 the bandpass filter 328. The bandpass filter 328 is 
the optical signal that carries user information. The PMD connected to the square law detector 326. Hie square law 
compensation system 108 is any device or group of devices detector 326 is connected to the lowpass filter 324. The low 
configured to (1) receive the optical signal over the active pass filter 324 is connected to the compensation algorithm 
optic fiber 106, (2) measure a differential group delay and system 330. The compensation algorithm system 330 is 
principal states of polarization of the polarization mode 30 coupled to the first polarization controller 310 via the links 
dispersion in the active optic fiber 106, (3) determine a 332 and 334. The compensation algorithm system 330 is 
modification of the optical signal based on the differential connected to the PMD emulator 312 and the PMD emulator 
group delay and the principal states of polarization of the 342. The compensation algorithm system 330 is coupled to 
polarization mode dispersion, (4) modify the optical signal the second polarization controller 310 via the links 336 and 
in the active optic fiber 106 to compensate for polarization 35 338. 

mode dispersion based on the determination of the The second polarization controller 340 is connected to the 
modification, and (5) transmit the optical signal. PMD emulator 342. The PMD emulator 342 comprises a 
In operation, the transmitter 102 transmits the optical splitter 344, a link 346, and a delay component 348. The 
signal to the polarization scrambler 104. FIG. 2 shows a flow second polarization controller 340 is connected to the split- 
chart of the operation of the the polarization scrambler 104 40 ter 344. The splitter 344 is coupled to the receiver 350 via 
and the PMD compensation system 108 in an example of the the link 346 and is coupled to the receiver 350 via the delay 
invention. FIG. 2 begins with step 200. In step 202, the component 348. 

polarization scrambler 104 scrambles a state of polarization A process path comprises the first polarization controller 
of the optical signal. The PMD compensation system 108 310, the PMD emulator 312, the photodetector 320, the RF 
then receives the optical signal over the active optic fiber 45 signal processor 322, and the compensation algorithm sys- 
106 in step 204. In step 206, the PMD compensation system tern 330. The components in the process path collectively 
108 measures a differential group delay and principal states measure the differential group delay and determine the 
of polarization of the PMD in the active optic fiber 106. In modification of the optical signal based on the differential 
step 208, the PMD compensation system 108 then deter- group delay. The data path comprises the second polariza- 
mines a modification of the optical signal based on the 50 tion controller 340 and the PMD emulator 342. The corn- 
differential group delay and the principal states of polariza- ponents in the data path collectively modify the optical 
tion of the PMD. In step 210, the PMD compensation system signal based on the determination from the process path. 
108 modifies the optical signal in the active optic fiber 106 In operation, the transmitter 302 transmits the optical 
based on the determination made in step 208 to compensate signal to the polarization scrambler 304. In some embodi- 
for PMD. The PMD compensation system 108 then trans- 55 ments of the invention, the transmitter 302 includes a laser 
mits the optical signal. The operation of the PMD compen- diode. The polarization scrambler 304 then scrambles the 
sation system 108 ends in step 212. The receiver 110 state of polarization of the optical signal that carries user 
receives the optical signal from the PMD compensation information. Scrambling the state of polarization of the 
system 108, optical signal provides the greatest probability of having the 
FIG. 3 discloses one embodiment of the invention, but the 60 power split between the two PSPs, while all of the power 
invention is not restricted to the configuration provided propagating along one of the PSP has the lowest probability, 
below. Those skilled in the art will appreciate numerous When the power is equally split between the two PSPs, the 
variations in a fiber optic communication system configu- measurements of the DGD and PSPs are greatly improved, 
ration and operation that are within the scope of the inven- Thus, the polarization scrambler's 304 scrambling of the 
tion. Those skilled in the art will also appreciate how the 65 optical signal greatly improves the measurements of the 
principles illustrated in this example can be used in other DGD and PSPs. In one embodiment of the invention, the 
examples of the invention. polarization scrambler's 304 rate of scrambling is greater 



04/12/2004, EAST Version: 1.4.1 



US 6,6< 

5 

than the response time of the low pass filter 324 to provide 
each sample of the low pass filter 324 multiple aligments of 
the optical signal. 

The splitter 308 then receives the optical signal over the 
active optic fiber 306. In some embodiments of the 
invention, the active optic fiber 306 includes chromatic 
dispersion compensation systems, optical amplifiers, or mul- 
tiple spans of optical fiber. Also, in other embodiments, the 
active optic fiber 306 carries wavelength division multi- 
plexed (WDM) optical signals. The WDM optical signals 
are de-multiplexed prior to entering the splitter 308 in order 
for the operation of the PMD compensation system 360 to 
work properly. The PMD compensation system 360 may be 
required for each channel for a WDM signal. 

The splitter 308 splits the optical signal. The splitter 308 
transfers the optical signals to the first polarization controller 
310 and the second polarization controller 340. The first 
polarization controller 310 receives the optical signal from 
the splitter 308. The first polarization controller 310 then 
changes the state of polarization of the optical signal based 
on signals received from the links 332 and 334. In one 
embodiment, the first polarization controller 310 aligns the 
active fiber link's 306 output principal state of polarization 
with the principal state of polarization of the PMD emulator 
312. The first polarization controller 310 transfers the optical 
signal to the PMD emulator 312. The splitter 314 in the 
PMD emulator 312 receives the optical signal and splits the 
optical signal into two optical signals with orthogonal polar- 
izations. Hie splitter 314 transmits one optical signal with 
the orthogonal polarization to the link 316. The splitter 314 
also transmits the other optical signal with the orthogonal 
polarization to the delay component 318. The delay com- 
ponent 318 delays the optical signal with the orthogonal 
polarization based on signals received from the compensa- 
tion algorithm system 330. The PMD emulator 312 recom- 
bines the two optical signals with orthogonal polarizations 
from the link 316 and the delay component 318 before 
transferring the optical signal to the photodetector 320. 

The photodetector 320 receives the optical signal. The 
photodetector 320 converts the optical signal to an electrical 
signal before transferring the electrical signal to the RF 
signal processor 322. The bandpass filter 328 receives the 
electrical signal The bandpass filter 328 is a narrow pass 
band centered at half the signal data rate. The bandpass filter 
328 then transfers the electrical signal to the square-law 
detector 326. The square-law detector 326 processes the 
electrical signal and transfers the electrical signal to the 
lowpass filter 324. The lowpass filter 324 receives the 
electrical signal. The lowpass filter 324 converts the elec- 
trical signal to a control signal before transferring the control 
signal to the compensation algorithm system 330. 

FIG. 4 is a flow chart of an operation of the compensation 
algorithm system 330 in an example of the invention. FIG. 
4 begins in step 400. In step 402, the compensation algo- 
rithm system 330 sets the emulated differential group delay 
of the PMD emulator 312 to an arbitrary but fixed value. In 
this embodiment, the initial emulated differential group 
delay is 15 picoseconds. Also, the compensation algorithm 
system 330 sets the initial PMD emulator 342 differential 
group delay to 0 picoseconds. In step 404, the compensation 
algorithm system 330 reads the power of the control signal. 
In step 406, the compensation algorithm system 330 checks 
if the power at the control signal is at a minimum. 

If the power at the control signal is not at a minimum, the 
compensation algorithm system 330 proceeds to step 408. In 
step 408, the compensation algorithm system 330 changes 
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the first polarization controller 310 values via the link 332 
and the link 334. The link 332 carries signals that control the 
0 value of the first polarization controller 310. The link 334 
carries signals that control the $ value of the first polariza- 

s tion controller 310. Once the first polarization controller 310 
values are changed, the compensation algorithm system 330 
returns to step 404. 

If the power at the control signal is at a minimum, the 
compensation algorithm system 330 proceeds to step 410. In 

10 step 410, the compensation algorithm system 330 varies the 
emulated differential group delay in the PMD emulator 312 
and measures the power at the control signal. In step 312, the 
compensation algorithm system 330 determines the maxi- 
mum power of the control signal based on the measurements 

15 from step 410. The compensation algorithm system 330 
estimates the differential group delay of the active optic fiber 
306 by using the differential group delay value at the 
maximum power of the control signal. The compensation 
algorithm system 330 then sets the emulated differential 

2Q group delay value of the PMD emulator 312 with the 
estimated active optic fiber 306 differential group delay 
value. 

In step 414, the compensation algorithm system 330 reads 
the power of the control signal. In step 416, the compensa- 

25 tion algorithm system 330 checks if the power at the control 
signal is at a maximum. If the power at the control signal is 
not at a maximum, the compensation algorithm system 330 
proceeds to step 418. In step 418, the compensation algo- 
rithm system 330 changes the first polarization controller 

30 310 values via the link 332 and the link 334. Once the first 
polarization controller 310 values are changed, the compen- 
sation algorithm system 330 returns to step 414. 

If the power at the control signal is at a maximum, the 
compensation algorithm system 330 proceeds to step 420. In 

35 step 420, the compensation algorithm system 330 changes 
the polarization controller values and the differential group 
delay value from the data path from the polarization con- 
troller values and the emulated differential group delay value 
from the process path. The link 336 carries signals that 

40 control the 9 value of the second polarization controller 340. 
The link 338 carries signals that control the $ value of the 
second polarization controller 340. The compensation algo- 
rithm system 330 sets the 0 value of the link 336 to the 0 
value of the link 332. The compensation algorithm system 

45 330 sets the $ value of the link 338 to the value of the link 
334. The compensation algorithm system 330 sets the dif- 
ferential group delay of the PMD emulator 342 to the 
emulated differential group delay of the PMD emulator 312. 
The operation of the compensation algorithm ends at step 

so 422 and returns to step 400 to continually compensate for 
PMD. 

The second polarization controller 340 receives the opti- 
cal signal from the splitter 308. The second polarization 
controller 340 then changes the state of polarization of the 

55 optical signal based on signals received from the link 336 
and the link 338. In one embodiment, the second polariza- 
tion controller 340 aligns the active fiber link's 306 principal 
state of polarization with the principal state of polarization 
of the PMD emulator 342. The second polarization control- 

60 ler 340 transfers the optical signal to the PMD emulator 342. 
The splitter 344 in the PMD emulator 342 receives the 
optical signal and splits the optical signal into two optical 
signals with orthogonal polarizations. The splitter 344 trans- 
mits one optical signal with the orthogonal polarization to 

65 the link 346. The splitter 344 also transmits the other optical 
signal with the orthogonal polarization to the delay compo- 
nent 348. The delay component 348 delays the optical signal 
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with the orthogonal polarization based on signals received 
from the compensation algorithm system 330. The PMD 
emulator 342 recombines the two optical signals with 
orthogonal polarizations from the link 346 and the delay 
component 348 into the optical signal to compensate for 
PMD. The PMD emulator 342 then transfers the optical 
signal to the receiver 350. The receiver 350 receives the 
optical signal to derive data from the optical signal. 

Those skilled in the art will appreciate variations of the 
above-described embodiments that fall within the scope of 
the invention. As a result, the invention is not limited to the 
specific examples and illustrations discussed above, but only 
by the following claims and their equivalents. 

We claim: 

1. A method for measuring polarization mode dispersion 
in an optic fiber, the method comprising: 

varying a state of polarization of an optical signal to 
scramble the state of polarization; 

transmitting the optical signal over an active optical fiber; 

receiving the optical signal from the active optical fiber; 

splitting the optical signal into a processing optical signal 
and an output optical signal determining actual princi- 
pal states of polarization and a differential group delay 
of the processing optical signal; 

generating and transmitting an instruction that indicates 
the principal states of polarization and the differential 
group delay of the processing optical signal; and com- 
pensating the output optical signal to remove the polar- 
ization mode dispersion using the instruction. 

2. The method of claim 1 wherein the optical signal is a 
wavelength division multiplexed optical signal and the 
method further comprising: 

de-multiplexing the wavelength division multiplexed 

optical signal; and 
compensating for the polarization mode dispersion of 

each channel of the wavelength division multiplexed 

optical signal. 

3. The method of claim 1 wherein determining the prin- 
cipal states of polarization and the differential group delay 
comprises: 

splitting the processing optical signal into a first 
orthogonally-polarized optical signal and a second 
orthogonally-polarized optical signal; 

delaying the second orthogonally-polarized optical signal; 
and 

recombining the first and the second orthogonally- 
polarized optical signals in the processing optical sig- 
nal. 

4. The method of claim 1 wherein determining the prin- 
cipal states of polarization and the differential group delay 
comprises converting the processing optical signal into an 
electrical signal 

5. The method of claim 4 wherein determining the prin- 
cipal states of polarization and the differential group delay 
further comprises: 

generating a control signal by processing the electrical 
signal with a bandpass filter, a square-law detector, and 
a low pass filter; and 

recording a measurement of power of the control signal. 

6. The method of claim 5 wherein determining the prin- 
cipal states of polarization and the differential group delay 
further comprises transmitting polarization parameters to a 
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polarization controller to modify the state of polarization of 
the processing optical signal based on the measurement. 

7. The method of claim 5 wherein varying the state of 
polarization of the optical signal comprises modulating the 

s state of polarization at a frequency higher than a response 
time of the low pass filter. 

8. The method of claim 1 further comprising modifying 
the optical signal using the instruction to compensate for the 
polarization mode dispersion, 

10 9. The method of claim 1 wherein varying the state of 
polarization of the optical signal comprises modulating the 
state of polarization in one dimension. 

10. The method of claim 1 wherein varying the state of 
polarization of the optical signal comprises dividing an 

15 optical signal power equally between the principal states of 
polarization. 

11. The method of claim 1 wherein determining the 
differential group delay of the optical signal comprises 
estimating the differential group delay. 

20 12. A system for measuring polarization mode dispersion 
in an optic fiber, the system comprising: 

a polarization scrambler configured to receive an optical 
signal, modulate a state of polarization of the optical 

^ signal, and transmit the optical signal over an active 
optical fiber; and 
a processing system configured to receive the optical 
signal from the active optical fiber, split the optical 
signal into a processing optical signal and an output 

30 optical signal, determine actual principal states of 
polarization and a differential group delay of the pro- 
cessing optical signal, generate and transmit an instruc- 
tion that indicates the principal states of polarization 

35 and the differential group delay of the processing 
optical signal, and compensating the output optical 
signal to remove the polarization mode dispersion 
using the instruction. 

13. The system of claim 12 wherein the optical signal is 
40 a wavelength division multiplexed optical signal and 

wherein the processing system is further configured to 
de-multiplex the wavelength division multiplexed optical 
signal and compensate for the polarization mode dispersion 
of each channel of the wavelength division multiplexed 
45 optical signal. 

14. The system of claim 12 wherein the processing system 
further comprises a polarization mode dispersion emulator 
configured to split the processing optical signal into a first 
orthogonally-polarized optical signal and a second 

50 orthogonally-polarized optical signal, delay the second 
orthogonally-polarized optical signal, and recombine the 
first and the second orthogonally-polarized optical signals. 

15. The system of claim 12 wherein the processing system 
further comprises a polarization controller configured to 

55 modify the state of polarization of the processing optical 
signal based on polarization parameters from a compensa- 
tion algorithm system. 

16. The system of claim 12 wherein the processing system 
further comprises: 

60 a photodetector configured to convert the processing 
optical signal into an electrical signal; and 
a radio frequency signal processor comprising a bandpass 
filter, a square-law detector, and a low pass filter 

(j S wherein the radio frequency signal processor is con- 
figured to convert the electrical signal into a control 
signal. 
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17. The system of claim 16 wherein the processing system 
further comprises a compensation algorithm system config- 
ured to make a measurement of a power of the control signal, 
modify the differential group delay and polarization param- 
eters transmitted to a polarization controller based on the 5 
measurement, and generate and transmit the instruction that 
indicates the principal states of polarization and the differ- 
ential group delay. 

18. The system of claim 16 wherein the polarization 
scrambler is further configured to modulate the state of 10 
polarization at a frequency higher than a response time of the 
low pass filter. 
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19. The system of claim 12 wherein the polarization 
scrambler is further configured to modulate the state of 
polarization of the optical signal in one dimension. 

20. The system of claim 12 wherein the polarization 
scrambler is further configured to split an optical signal 
power equally between the principal states of polarization. 

21. The system of claim 12 wherein the processing system 
is further configured to estimate the differential group delay 
of the optical signal to determine the differential group 
delay. 
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